includes oceanographic moorings and remote-sensing analysis, to measure fluxes of sea-ice and freshwater through the strait. From these model results, a climatology of mesoscale winds and surface pressure is obtained (Section 3). In addition, a case study is presented of an extreme event that destroyed a field camp in April 2005 (Section 4). The wind record is extended to a 51-year year time series using a combination of model results and long-term in-situ surface pressure measurements from regional meteorological observing stations (Section 5).
Regional atmospheric model
The Polar MM5 ) version of the Pennsylvania State University/National Center for Atmospheric Research MM5 mesoscale atmospheric model was used in the present study. This is a non-hydrostatic, primitive-equation, terrain-following model with full moist physics, which has been optimized for the polar environment.
The Polar MM5 has previously been used successfully to simulate meteorological conditions in both polar regions (e.g., Cassano et al., 2001; Guo et al., 2003) . As described by Samelson et al. (2006) , it was implemented here in a triply-nested configuration, with 54-km, 18-km, and 6-km grid resolutions in the outer, intermediate, and inner ( Fig. 1) nests, respectively. It was run in a daily 36-hr forecast mode, with initial and time-dependent lateral outer-nest and surface boundary conditions from the operational global National Center for Environmental Prediction Global Forecast System (GFS) model. The GFS model can be expected to provide an accurate estimate of large-scale atmospheric conditions on these timescales. For example, for the nested Polar MM5 model in the Nares Strait region, Samel-son et al. (2006) report correlations of observed and modeled hourly surface pressure at Alert (Fig. 1 ) of 0.98. Sea-ice is treated as described in Bromwich et al. (2001;  note that the seasurface temperature threshold for ice cover is 271.4 K rather than the stated 271.7 K): the GFS surface boundary conditions include a surface temperature field that, over water, determines whether sea-ice is presumed to be present or not at each point; if it is present, then a climatology is used to estimate the local fraction of sea-ice cover.
In the region of interest, radiational cooling and surface fluxes cause frequent development of a stable planetary boundary layer, in which wind direction and speed are strongly affected by the steep coastal orography. Similar mesoscale models, nested in operational global atmospheric forecast models, have previously been shown to be capable of reproducing observed low-level wind structure arising through related dynamical processes at mid-latitudes, involving the interaction of a stable lower atmosphere with coastal orography along the U.S. west coast (e.g., Perlin et al., 2004) . As with Samelson et al. (2006) , it is presumed here that the Nares Strait regional implementation of the Polar MM5 will reproduce similar orographic effects in this region with similar accuracy. Previous successful MM5 simulations of flow through a narrow channel with steep sides include those of Colle and Mass (2000) . Basin during April-May 1975 (Ito, 1982 .
The steep orography bounding Nares Strait, with topographic heights of 500-2000 m within a few tens of kilometers or less of the coastline (Fig. 1) , severely constricts the lowlevel flow. Consequently, the along-strait flow within the strait is strongly ageostrophic, with flow down the pressure gradient from the Lincoln Sea to Smith Sound. Sea-level pressure isobars in the strait are aligned at an oblique angle to the along-strait direction, consistent with approximate geostrophy in the cross-channel momentum balance. The maximum wind speed and stress are found where the channel widens into Kane Basin and Baffin Bay, in regions of intensified mesoscale pressure gradients. This pattern is characteristic of stable marine-layer flows past orography found in other coastal regions, in which mesoscale pressure gradients are generated by shallowing of the stable boundary layer as the flow spreads to fill the wider downstream region (e.g., Winant et al., 1988; Samelson, 1992; Samelson and Lentz, 1994; Burk et al., 1999) , leading to local ageostrophic acceleration of the flow; friction in the shallow downstream region limits the downstream extent of the intensified low-level winds.
The southern Kennedy Channel location is of particular interest, as it is the main site for the moored oceanographic measurements of ocean currents and sea-water properties (Mün-chow et al., 2005) , in support of which the mesocale atmospheric modeling discussed here was undertaken. Frequency distributions of hourly low-level winds at the southern end of Kennedy Channel (model grid indices i=37, j=83) are bimodal (Fig. 3) , with one peak centered at a strong southward flow regime, similar to the January 2005 monthly mean, and one peak centered at weak or slightly northward flow. The weak flow regime dominates during the summer months, and the strong flow regime dominates during the remainder of the year.
In contrast to the bimodality within the channel, the distribution of 10-m winds in the Lincoln Sea, away from the Nares Strait channel, is unimodal and centered around zero flow, with standard deviation of only 3.8 m s −1 , and extreme values of ± 10 m s −1 (Fig. 3a , dash-dot line).
The core of the wintertime southward jet in this region is located near 300 m height, where monthly mean winds are roughly twice 10-m values (Fig. 4) . The bimodality of the hourly wind distribution is particularly pronounced at the lowest levels, where the orographic channeling is strongest, but is still apparent at the height of the low-level jet core. Approximately 7% of the hourly wind values at the 268-m model level at the southern Kennedy Channel location exceed 25 m s −1 southward (Fig. 3) .
Potential temperature profiles indicate that the lower atmosphere is stably stratified in both January and July (Fig. 4) . Even in January, with the intense mean southward flow centered near 300 m altitude, there is no indication in the model profiles of the formation of a substantial turbulent mixed-layer adjacent to the surface boundary, either in potential temperature or momentum. Evidently, the combination of strong surface cooling and small surface roughness is sufficient to maintain stability despite the strong vertical shear of the low-level jet.
Cross-channel cross-sections of the mean and standard deviation of along-strait winds at the southern Kennedy Channel location during January and July 2005 ( (Fig. 4) illustrates the several m s −1 variability of the monthly mean flows from year to year.
The two-year mean 10-m wind field (Fig. 6 ) has a structure similar to that of the January 2005 mean: strong southward, along-strait winds, with speed maxima in Smith Sound and at the southern end of Kennedy Channel. The first EOF of the monthly mean fields, computed from fields that were constructed, for computational convenience, from every third model grid point in each direction (and neglecting all points over land), captures 57% of the total variance in the corresponding monthly mean fields, and has a similar pattern to the mean (Fig. 6 ). The product of the amplitude (7) and EOF, added to the mean, describe monthly mean winds that fluctuate seasonally from weak winds to winds near twice the mean, as might be anticipated from the frequency distributions described above. There is an indication in the two-year mean of persistent, localized offshore winds from Greenland into Baffin Bay, perhaps due to katabatic flow, off the southern side of the Hayes Peninsula (Fig. 6 ).
The two-year mean SLP field (Fig. 8 ) has a structure that is also similar to that of the January 2005 mean: a 6 hPa gradient from high pressure in the Lincoln Sea to low pressure in Baffin Bay. Because the SLP fields are dominated by synoptic variability, most of the total variance in monthly mean SLP is captured in the first EOF, which has a nearly uniform spatial structure. The second EOF of SLP (Fig. 8 ), which has a structure similar to the mean, describes the mesoscale variability associated with the orographic channeling, and the corresponding amplitude time series is strongly anti-correlated with the first EOF of the 10-m winds (Fig. 7) .
The ratio of the second SLP and first 10-m wind EOF amplitudes can be compared with the linear regression of 10-m wind at the southern end of Kennedy Channel on the alongstrait pressure difference computed by Samelson et al. (2006) . This ratio is 0.015-0.020 (m s −1 ) Pa −1 , somewhat larger than the regression slope. The direct regression should give the more accurate value, since the wind and pressure EOFs are independent and may describe the corresponding fluctuations with different efficiencies.
In the Lincoln Sea and northern Baffin Bay, the two-year mean 10-m winds are aligned approximately along isobars, and so are nearly geostrophic (Figs. 6,8) . The along-strait momentum balance of the orographically controlled flow within Nares Strait, however, is clearly ageostrophic, even in this two-year mean, with flow down the pressure gradient from the Lincoln Sea to Smith Sound. Comparison of the strongly anti-correlated (Fig. 7 ) first 10-m wind EOF (Fig. 6 ) and second SLP EOF (Fig. 8) shows that the monthly mean 10-m winds have similar dynamics, with strongly ageostrophic flow down the pressure gradient through the strait. In the Lincoln Sea and northern Baffin Bay, the monthly-mean 10-m flow appears to be less geostrophic than the two-year mean, with noticeably more cross-isobar flow.
The two-year mean stress and the first EOF of monthly mean stress have structures that are similar to those of the 10-m wind, but with more intense concentration of the largest stress in the southern Kennedy Channel and Smith Sound regions (Fig. 9 ). These local stress maxima are four to five times larger than the stresses in the Lincoln Sea and Baffin Bay regions, and in the eastern and southern parts of Kane Basin. The stress variability, both spatially and temporally, is controlled primarily by variations in the 10-m winds. The spatial patterns of winds and stress are similar; the greater concentration of extreme stresses, relative to extreme winds, is due to the roughly quadratic dependence of the parameterized surface stress on the model 10-m wind. The temporal variations are also similar: the first stress EOF amplitude time series describes 74% of the monthly-mean variance is strongly correlated with the first 10-m wind EOF amplitude time series and, like the wind EOF time series, strongly anti-correlated with the second SLP EOF amplitude time series (Fig. 7) .
Kennedy Channel wind event of 13-1April 2005
An intense wind event occurred in Nares Strait on 13-14 April 2005. This event is of particular interest because it destroyed a scientific field camp in Lafayette Bay, on the eastern shore of the south end of Kennedy Channel. This camp was the first winter camp known to have been established in Kennedy Channel. The following quotation is taken from the informal report (Falkner et al., 2005) Examination of large-scale pressure fields and mesoscale model simulations during this period indicate that this event generally followed the pattern of intense, orographically controlled, ageostrophic, down-gradient low-level flow through Nares Strait that is evident in the means and EOFs described above. Sea level pressure fields from the operational National Center for Environmental Prediction (NCEP) global GFS forecast model during 1200 UTC 13 April through 1200 UTC 14 April show a surface low developing and moving into the Labrador Sea, with a surface high over the western Arctic Ocean (Fig. 10) . At 1200 UTC on 14 April, the GFS fields show a Labrador Sea low below 976 hPa, and an Arctic high above 1032 hPa, a difference of roughly 60 hPa between these regions (Fig. 10 ).
The corresponding pressure difference across the length of Nares Strait, which drives the low-level jet along the strait, was approximately 16 hPa ( Fig. 11 ). This is a large but not extreme value in the context of the simulated record (see, e.g., km southeast of the southern end of Nares Strait at Smith Sound (Fig. 1) . The Alert and Thule SLP records were obtained, respectively, from Environment Canada and the National Climate Data Center. A time series of Alert-Thule SLP pressure differences (Fig. 13 ) was constructed by differencing each pair of values from these two records at each time. The time series were essentially continuous except for several lengthy gaps, during the years 1971, 1972, 1992, and 1993 , and the months October 1983 through September 1984, September through December 1991, and January 1994, which were missing. The seasonal cycle of monthly means was computed by averaging the monthly means for months with more than 150 3-hourly observations; binning all observations by month and averaging changes the values by typically less than 1%. The resulting seasonal cycle with amplitude 6.3 hPa and mean difference 4.7 hPa (Figs. 14,15). Year-to-year variability of monthly means has standard deviations of 2-3 hPa.
The largest monthly mean pressure difference was 14.9 hPa during December 1998. (Table 1) . On longer time scales, a correlation of SLP difference with the AO index does emerge (Fig. 15) : for the annual means, the correlation is -0.34, and for three-year running averages of the annual means, the correlation is -0.57 (Table 1) . This increased correlation with the AO index on the longer timescales suggests that large-scale variability has substantial influence on mesoscale conditions at annual and longer timescales, while the relative influence of regional variability increases for timescales shorter than annual. The standard deviation of the annual means is roughly 1 hPa (Fig. 15) , substantially smaller than the 51-year record mean SLP difference of 4.7 hPa. For all of the these correlation computations, the monthly mean values for months with fewer than 150 3-hourly observations were replaced by the corresponding seasonal cycle values. Samelson et al. (2006) noted that the daily-averaged along-strait 10-m wind at the southern Kennedy channel location was highly correlated with the sea-level pressure difference between Alert and Thule during the two periods examined in 2005, with an approximately linear dependence of wind on pressure difference. For the two-year time series of hourly 10-m winds considered here, a qualitatively similar correlation holds (Fig. 16 ). Due to the more sensitive dependence of wind speed on pressure difference for moderate positive differences than for large or negative differences, the simple linear regressions considered by Samelson et al. (2006) can be improved by considering a piecewise linear regression on three intervals.
Reconstructed wind time series
The intervals and the corresponding regression relations were found iteratively as follows.
First, two appropriate first-guess interval boundaries were chosen, ∆P a and ∆P b , for example, ∆P a = 0 hPa and ∆P b = 10 hPa. Linear regressions were performed separately in each of the three intervals ∆P < ∆P a , ∆P a < ∆P < ∆P b , and ∆P > ∆P b , yielding the regression relations: period are slightly smaller than, or equal to, the long-term means (Fig. 17) .
The frequency distribution of the 3-hourly reconstructed wind values has a bimodal structure (Fig. 18) . It is not as clearly defined as the bimodality of the hourly model winds discussed above (Fig. 3) . There are peaks in the frequency distribution near 10 m s The 51-year record mean reconstructed wind is 5 m s −1 southward, and the standard deviation of the annual means is roughly 1 m s −1 (Fig. 15) . The annual mean reconstructed winds are, of course, highly correlated with the pressure difference time series from which they were derived (Fig. 15) , and thus are also correlated on long timescales with the Arctic Oscillation index. (Fig 1; model grid indices i=37, j=83) . The distributions are shown for all months (thick solid line), and for the October through June (thin solid) and July-September seasons (dashed). In (a), the 10-m northward wind distribution for all months for a location north of Alert in the Lincoln Sea (grid indices i=30, j=135) is also shown (dash-dot). (Fig. 7) gives the dimensional physical variability. In both panels, selected vectors, with length proportional to amplitude, are shown to indicate flow direction and structure. In (Fig. 7) gives the dimensional physical variability.
Summary

Distance (km)
Distance ( (Fig. 7) gives the dimensional physical variability. In both panels, selected vectors, with length proportional to amplitude, are shown to indicate flow direction and structure. 1955 1960 1965 1970 1975 1980 1985 1990 1995 
